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Introduction

Studies in the Basin and Range Province of the elemental uptake by plants
rooted in sediments and soils of variable salt content, by the U.S. Geological
Survey, led inevitably to a study of the uptake of radionuclides and their
effects on plant growth at the Nevada Test Site. In addition to studies at
the Nevada Test Site, observations were made of nuclear explosions in northern
Nevada, in Mississippi, and of large dynamite explosions at depth. The
purpose of this report is to present a pictorial record of the observed
effects on plants made from 1962-1970 above and around contained underground
nuclear and chemical explosions, atmospheric nuclear explosions, cratering
nuclear explosions, and partially contained nuclear explosions.

This report is a partial review of the observations of others and the
observations made by members of the U.S. Geological Survey during the course
of basic studies of the vegetation and soils in the Basin and Range. The
study presented here is an attempt to establish criteria that could be used to
identify and to separate physical effects from those of radioactivity on
vegetation. It is not intended to supercede or to negate the work of others,
but to supplement and to extend by a slightly different approach the ecologic
studies that have been made at the Nevada Test Site. The senior author was
responsible for field observation, collection of samples, and interpretation
of results, Mary Strobell for autoradiographs, Charles Bush for isotopic
analyses, and Jessie Bowles for wood sections. The authors wish to thank
Frank Stead for his technical advice on the nuclear events and Richard Phipps
for review and consultation on the wood sections.

Two basic studies are described in this report. First, the physical and
radiation effects of contained and released nuclear explosions were studied
over a period of 8 years as time and funds permitted. Locations of the study
sites on the Nevada Test Site (NTS) are shown in figure 1. Second, the purely
physical effects of geophysical explosions of 245-4,545 kg of dynamite
exploded at depths of 14-150 m in various locations in Arizona were studied
over a period of 4 years. The second study provides a background against
which the effects of nuclear explosions in Nevada and Mississippi can be
evaluated.



Figure 1.--Map showing botanical stations on Nevada Test Site
with index map showing stations elsewhere in
Nevada, Arizona, and Mississippi.



Glossary

alpha radiation--radiation from alpha particles that consist of a helium
nucleus with a double positive charge, which is converted into an atom of
helium by the acquisition of two electrons

atmospheric nuclear explosion--nuclear charge exploded above ground, as from a
tower

autoradiograph--record of radiation from radioactive material in an object,
made by placing the object in close proximity to a photographic emulsion

beta radiation--radiation given off by radiocactive substances consisting of
electrons that move with velocities varying from 30,000 to 180,000 miles
per second. (More penetrating than alpha rays)

contained explosion--an underground nuclear explosion with no release of
radioactivity to the atmosphere

count--(as by geiger or scintillation counter) external indication of a device
designed to enumerate ionizing events

curie--amount of radioactivity generated by 1 gram of radium per second or 37
billion disintegrations per second

dose--radiation delivered to a specified organ or whole plant, measured in
roentgens

event--the occurrence of a planned nuclear explosion

fallout--radioactive debris from a nuclear detonation, which has been
deposited on the surface of the ground after atmospheric transport

gamma radiation--short wavelength ra 1at1 given off by radioactive
substances, with a range of 10~ 10' cm wavelengths emitted from the
nucleus

gas erosional crater--crater in the ground surface created by underground
erosion and elemental desintegration of soil and rock by gases formed
during underground nuclear explosion

genetic mutation--a change in the characteristics of a plant produced by an
alteration of the hereditary genes

half-1ife--time required for radionuclide to lose 50 percent of its activity
by decay

rad--a unit of absorbed dose of radiation equal to 100 ergs of ionizing
radiation per gram of the absorbing material

released explosion--a nuclear explosion accompanied by a release of
radiocactivity to the atmosphere

roentgen--that quantity of ggmma radiation (or X-rays) which give rise to the
formations of 2.08 x 107 ion pairs per cubic cm of dry air at standard
temperature (0°C) and pressure (one atmosphere)

spectrograph, mass--a device for analyzing a substance in terms of the ratios
of mass to charge of its components

subsidence crater--a crater in the ground surface over a contained nuclear

explosion formed as a result of a primary surface mounding and delayed
cavity collapse

throwout crater--a crater produced by the ejection of material above the
explosion at a high acceleration

tree ring--annual increment in growth of wood composed of summer and winter
vessels, which can be seen in cross section




Abbreviations used in report

o - curie
dps - disintegrations per second
dpm - disintegrations per minute
gm - gram
prefixes

k - kilo, 103

m - milli, %0‘3

M - mega 10

- micro 10768

p - pico 1()'12
pci/g - picocuries per gram
r - roentgen
t, - time of explosion
t+1hr - 1 hour after explosion etc
t+1d - 1 day after explosion etc
T 1/2 - half life

Effects of nuclear explosions on native vegetation

A nuclear explosion exerts a physical force and is accompanied by
radiation that is released to the environment in varying degrees. Positive
identification of physical effects on vegetative growth as opposed to effects
from radiation is not always possible. In general, the effects are largely
physical around a contained explosion that may result in extensive fracturing,
and conversely are largely due to radiation in the extended path of the
radioactive dust cloud of a vented explosion. The effects of radiation from
long-lived radionuclides within plants continue for a much longer period of
time than do many physical effects, so that coniferous trees may reach their
limit of tolerance and die many years after the radioactive release at
distances of several miles from ground zero, as observed at Blanca and Des
Moines and reported herein. Deciduous shrubs subjected to large amounts of
radiation, on the other hand, defoliate quickly in the immediate vicinity of
the explosion but may, if not completely killed, recover after a prolonged
period of dormancy. After the Palanquin explosion (NTS) sage was observed to
be burned near the crater and the leaves of sage were wilted, and starting to
die at distances as much as 600 feet from ground zero in the direction of
radioactive cloud movement within 12 days after detonation. The latter did
not appear to be burned but effected by high doses of radiation. Plant growth
aberrations observed at the Nevada Test Site are much more diffult to
interpret than those observed in laboratory or field experiments because they
depend on the folleowing variables: (1) containment and wind direction at
time of detonation; (2) physical force of the explosion, both below ground and
above ground; (3) thermal effects; (4) plant species composing the vegetative
cover; and (5) distance of individual plants from ground zero. Rather than
controlled radiation from a single source, we had at the Nevada Test Site
alpha, beta, and gamma radiation from a series of fission products,
radioactive tracers that had been added to the nuclear explosion, activation
products induced from the natural rock materials overlying the device, and
from the steel casings, wires and so forth that encased or were attached to
the nuclear explosive during emplacement. The radiation levels were extremely
high at the time of the explosion and decreased rapidly according to the half



1ives of the various radioisotopes. In this report, the word "contained"
refers to underground explosions for which no radiation was detected at the
ground surface immediately after the detonation or after the collapse of the
ground in cratering explosions. If the explosion is not contained, then
important effects on the vegetative cover are the number and quantity of the
radionuclides that are released from the bomb or induced from the overburden,
the distance that a given radionuclide can travel through the geologic
materials above the explosion and through the atmosphere before disintegrating
to a stable daughter nuclide, and the energy released by the various nuclides
in radioactive decay. Finally, the species of the plant community are
important, as those with furry or sticky leaves will catch and hold dust more
effectively than smooth-leaved species, and each species varies in its ability
to absorb and transiocate particular radionuclides within the plant. These
characteristics will affect the total dosage received. For these reasons,
various kinds of plants growing near explosions that were detonated in
different kinds of material were studied outward from ground zero wherever
possible in order to observe and evaluate the different, and in some cases
interdependent, factors affecting plant life.

Nearby plants are exposed to extremely high levels of radiation (measured
in rads) immediately after a released explosion in which radioactive gases and
dust are released to the atmosphere, and continue to receive a high degree of
radiation insult as long as radioactive fallout remains on their leaves.
Rhoads and Platt (1971) and Rhoads, Kantz and Ragsdale (1972) have shown that
plants covered with a plastic tent before a released explosion continued to
survive, indicating that fallout at time zero gave far greater doses of beta
radiation than gamma radiation to plants. Both plant mortality and the beta

Tevels decrease rather rapidly in the first few months (see data given in
description of Palanquin explosion), suggesting that beta radiation from 45¢ca
with a half-life of 165 days and 32p with a half-1ife of 14.3 days are
initially moe than that of 905y with a half-life of 28 years, as curies of
sr90 at the time of detonation are only 127th that of the combined curies from
45ca and 32p. (See table 7.) Long-lasting effects on vegetation however,

result from the actual absorption of radionuclides, and, in this context, 905r
with its long half-life is indeed a harmful element of fallout. Leafy shrubs
and trees near ground zero may defoliate and then remain dormant for
considerable periods. When radiation levels in the plants and soils are
sufficiently reduced--in some cases years after the explosion--dormancy is
broken and the plants again leaf out, as in the case of oak near the Blanca
crater. Conifers, however, are very sensitive to radiation and when their
relatively low tolerance level is reached, the trees die. The time period
also may be measured in years, depending upon the distance of the conifer from
ground zero. Each year the areas of affected trees continue to increase
outward from vented explosions on Rainer mesa.



Plant tolerance for radioactive soils

The ability of herbaceous plants to reestablish colonies in radioactive
soils after nuclear explosions varies greatly depending on several factors.
These factors include the physical characteristics of the seeds of a
particular species, whether the seed remains undisturbed in the irradiated
soil or is carried in by the wind after the explosion, the amount of actual
throwout (cratering explosions) covering the existing seeds, and, finally,
whether the seedlings can withstand the gamma and beta radiation that occur at
that particular location. Salsola and the annual Bromus are among the most
tolerant adventives.

A number of investigators from UCLA (the University of California at Los
Angeles), who studied the late effects of the Palanquin explosion, suspected
that beta rays might be more important in killing vegetation than gamma rays
(Rhoads, Platt, Harvey, and Romney, 1968; Rhoads, Ragsdale, Platt, and Romney,
1970; Rhoads and Platt, 1971; Rhoads, Kantz, and Ragsdale, 1972). To test
this theory, they covered certain plots with polethylene sheeting prior to the
detonation of the Schooner explosion that was detonated in 1968. They found
that the shrubs under polyethylene received 15 percent less gamma irradiation
and 69 percent less beta irradiation and survived, whereas after 4 months the
plants outside put out no new growth, after 5 months some vegetation was
abnormal, dead or dying, and after 15 months were completely dead.
Measurements with dosimeters at Schooner showed a ratio of 10-15 times beta to
gamma measured in rads, and that plants were killed with only 150-200 rads of
gamma. They concluded that beta damage is greater than gamma but that it is
possible to protect from beta damage. The underparts of a large shrub may be
protected from severe irradiation by the canopy afforded by the rest of the
plant. It should be pointed out that the shrubs that were covered were also
protected from the highly radioactive (beta and gamma) dust fall that
otherwise would have been in direct contact with the plants.

The atmospheric explosions of the Plumbob series removed vegetation and a
layer of soil, and at the same time covered the area with a layer of
radioactive glass created from silica sand that had been added to the bomb.

In spite of such adverse circumstances, Mentzelia albicaulis came up thickly
the next spring as near as 0.3 km from ground zero, and species of Chaenactis,
Gilia, Amsinckia and Cryptantha as near as 0.6 km. The summer annual Salsola
iberica then invaded the denuded area and was dominant in subsequent years;
Erijogonum nidularium later invaded the disturbed ground.

At the Palanquin site, an escaping radicactive cloud went north across an
otherwise undisturbed mesa with the result that there was no throwout on the
south side and plants were completely unaffected. Throwout was present for
180 m to the west and Chrysothamnus and Cowania died but Lupinus
flavovaculatus and Phacelia fremonti, were in flower 75 days afrter the
explosion 330 m from ground zero in soil reading 12 mr/hr. To the north, a
scintillometer reading of 2 R was taken 180 m from ground zero where the first
1ive but wilting sage was observed 12 days after the explosion. A1l
vegetation was blackened and dead nearer to ground zero from heat as well as
radiation.




Twelve days after the Palanquin explosion and 180 meters from ground
zero, the ground was covered with 5 cm of fused glass and white dust, and the
leaves of the sagebrush were hanging limp--the plants were dying. Thermal
insult from the fused glass is not known. A reading of 2 R/hr (roentgens per
hour) was taken 1 meter above the ground surface. The sage appeared healthy
300 meters from ground zero where a reading of 1.5 R/hr was taken. Seventy
five days after detonation, the sagebrush was defoliated and appeared to be
dead for 640 meters from ground zero. Beyond this zone the sage was yellowed
and not fruiting. After 550 days, Cryptantha sp. Eurotia lanata, and
Artemisia arbuscula (seedlings) were growing 330 m north of ground zero in
soi1l measuring 60 mr/hr beta and 40 mr/hr gamma. Some plant tolerance
observations are given in table 1. At the Sedan crater where all vegetation
was decimated and the area was covered with layers of throwout for a distance
of 2.4 km to the north, the plants, except for Salsola iberica, grew back
slowly, and no herbs were observed to be growing Tn soil registering more than
4 mr/hr (see fig. 60).

Twelve samples of Salsola from different areas of Yucca flat, radioactive
and nonradioactive were analyzed for 20 elements (table 2). Salsola appears
to have an extremely low content of phosphorus and relatively high contents of
potassium and nitrate compared to average herbs. The contents of zinc,
aluminum, barium, boron, iron, manganese, and nickel are all low. Yellowed
Salsola contains less nitrate than nealthy green specimens from the same area.

Absorption of radionuclides by plants

The uptake of radioactive elements by plants was established several
decades ago by the work of Stoklasa and Penkava (1928), Kunasheva (1939),
Hoffmann (1941, 1943) and others, using uranium and radium. Later studies by
Cannon (1957, 1964), and Moisenko (1959) showed that the content of uranium in
plants can be used in prospecting for uranium deposits. Hill (1962)
identified alpha emitters in normal biological materials, and Anderson and
Kurtz (1955) proposed the measurement of alpha emitters in vegetation as
another means of prospecting. Penna-Franca and Gomes de Freitas (1963)
reported on the radioactivity of biological materials from Brazilian areas
rich in thorium compounds. Concern for environmental effects of nuclear
explosions has led to observations and studies of the absorption by plants of
radioactive nuclides from fallout throughout the world (Chandler and Wieder,
1963; Beasley and Palmer, 1966; Kauranen and Miettinen, 1967; Watters and
Johnson, 1968; Gulyakin and others, 1968; Gabay and others, 1965).



Table 1.--Maximum soil radiation levels recorded for some plant
species at Palanquin site (measured by Scintilation
counter .9 m above ground surface)
[mr/hr = miTTiroentgens per hour, Leaders (--) indicate no data]

mr/hr in soils

Plant species gamma beta
Grasses:

Stipa speciosa 50 105

Sitanion hystrix 8 --

Oryzopsis hymenoides 30 50

Poa sanbergii 5 3

HiTaria jamesi 30 50
Forbs:

Cryptantha sp. 40 60

Sphaeralcea emoryi var.

variabilis 30 50
Machaeranthera canescens 40 60
Astragalus purshii
var. tinctus 30 40

Lepidium Jasciocarpum 30 50

Eriogonum nidularium 30 50

Lupinus flavovaculatus 12 --

Astragalus lentiginosus 10 --

Salsola 1berica 5 6.3

Phiox stansburyi 2 2.5
Shrubs:

Artemisia arbuscula (seedlings) 40 60

Eurotia lanata 40 60

Atriplex canescens 16 40
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The Atomic Energy Commission has supported laboratory studies of the
absorption of fission products at the Oak Ridge National Laboratory, Tenn.,
Brookhaven National Laboratory, Long Island; Emory University, Atlanta,
Georgia; Laboratory of Medicine and Radiation, University of California at Los
Angeles; and at the Nevada Test Site. Pioneer greenhouse studies by E. M.
Romney and others (1960) at UCLA of the movement of fission products in soils
and the uptake of 90Sr, 91Y, 106Ru-Rh, 137Cs, and 144Ce by plants showed that
different plant species vary in their accumulation of radionuclides from the
soil and that most crop plants remove only a portion of the total
concentration in the soil depending on the soil type. The percentages of the
various radionuclides removed from the soil were:

90 5.0 - 10.0
137¢ 0.1 - 0.5
91y 0.01 - 0.3
106gy-Rh 0.05 - 0.13
144¢4 0.0l - 0.05

90strontium was more concentrated in the leaves than in the other parts of the
plant and uptake was greatest in acidic soils and Towest in high calcium
soils. Crop uptake of 137¢s was inversely proportional to the level of
available potassium.

Work by Brown (1964) at the Oak Ridge Laboratory has shown that 137¢s in
the sap streams of woody species is primarily in the ionic form; that much
jonic 137Cs probably occurs in intracellular fluids other than sap; and that a
small quantity forms ionic bonds with organic compounds, probably as salts of
carboxylic acid. Although most of the 137Cs was in the phloem, some was
dispersed throughout the sapwood and even in the dead xylem of the heart wood.

Our analyses and autoradiographs are intended to contribute to an
understanding of the degree of contamination and uptake by plants of
radionuclides at the Nevada Test Site.
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Radionuclides in background soils and vegetation

A considerable quantity of radioisotopes occurs normally in plants; 40y
(beta, gamma) has been reported to amount to 15-30 ppm (parts per million),
and there are also several parts per million of thorium, radium-uranium and
their daughters. These radioisotopes naturally interfere with low-level
detection of radionuclide contaminants and vise versa. Only gamma isotopes
were measured on most of the samples that were collected. Background gamma
values could be detected only in the plant samples when they were not masked
by large amounts of radionuclide contaminants from the nuclear explosion.

Soils that were collected at a distance from nuclear explosions for
background information were seldom analyzed by gamma spectrometer for
individual radionuclides as the gamma count on the sample was below the limits
of detection. Specific plant genera were studied from areas having different
radiation levels, however, and the radionuclide analyses show interesting
variations and some unexpectedly high values.

On April 12, 1963, branch tips of pine, juniper, and sage were collected
in advance of any man-made disturbance on Pahute Mesa, Nevada. Only low
levels of 137¢ (possibly from earlier Danny Boy explosion) and natural U and
40¢ were detected. A pre-explosion sample collected at Cabriolet on Pahute
Mesa on November 7, 1966 contained a little 95ZrNb which may have come from
nearby Palangquin. In soils collected for data on plant-soil relationships
from Yucca Flat, but not closely related to nuclear detonations, small amounts
of 54Mn, 60Co, 65ZrNb, 1255b, 137Cs, and 144Ce were detected in some
samples. The extent of air-blown contamination on Yucca Flat can be seen in
the analyses of soils at the old Smokey atmospheric explosion detonated in
1957. A sample that was collected in 1964 contained considerable 60co and
144¢ce and some 137cs. In 1965, 60¢s and 65ZrNb, 1255b, and 144Ce were 26
times higher in soil collected from the same sample locality, which completely
masked any contamination from the original detonation. Pre-explosion
collections of oak, pine, sweet gum, and sour gum that were made on the Tatum
salt dome, Mississippi on May 20, 1963 far from the Nevada Test Site contained
small amounts of 137Cs and ®*n in one or two samples, but 144¢4 ranging from
11.9 to 80.6 pci/g (pico curies/gram) in the entire suite of samples. The
distribution of 144cerium was measured on dry ground plant material as
follows:
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Leaves Wood

(pci/g) (pci/g)
Oak--=====- 59.5 40.0
Pine------- 56.7 42.5
Sweet gum-- 74.7 - 58.3
Sour gum--- 80.6 11.9

Similariy, samples collected in Owyhee Co., Idaho in 1963 at a planned
explosion site that was later abandoned, contained 64Mn, 952r, 137Cs and
considerable amounts of Cel#4. These radionuclides unrelated to NTS
explosions may have originated from the Chinese explosion in 1963 and
demonstrate the difficulty in establishing background levels for radioisotopes
that travel thousands of miles within days of an explosion, as 144Co.

In soil sections that were sampled to depths of 2 or 3 m in trenches
bulldozed across the Yucca fault, 54Mn, 6OCo, and l37Cs were confined to the
top 2.5 cm of soil except in samples collected from the leached zone around
shrub roots (table 3). Roots of shrubs growing along the fault have been able
to penetrate an indurated caliche layer from 100 to 132 cm in depth that was
cracked during a period of movement along the fault. Live roots were observed
to a total depth of 254 cm in the trench and are apparently responsible for
the downward movement of 144co and concentration in the soil at this depth.

A1l Grayia spinosa roots with recognizable annual rings that were
collected from open fractures at depths ranging from 1 to 5 m in trenches A
and E, appear to have an age of about 9 years. Roots of the same shrub that
were collected from the soft material above the indurated layer, are

considerably older but show wider rings for the past 9-year period on the side
of the root toward the fracture as shown in figure 2. Grayia roots, then,
give positive evidence of movement along the Yucca fault in 1955 that
permitted the roots to penetrate the caliche. Chrysothamnus also grows along
the fault but does not produce annual root growth rings that can be used in
dating.

12



Table 3.--Gamma radionuclides in soil samples collected from
Trench A on Yucca Flat
[Analysts: C. A. Bush and C. M. Bunker, U.S. Geological Survey.
Date of collection: September 14, 1964. Tr, trace, leaders (--)
indicate not detected]

Depth 54wy 60¢y, 106R, 125g, 137¢s 144 omn U
of soil

incm  (pci/g) (pci/g) (pci/g) (pci/g) (pci/g) (pci/g) (ppm) (ppm)

0 -2.5 12.1 3.7 Tr Tr 9.1 Tr 17 8.1
2.5- 10 -- -- -- -- -- -- 16 3.3
10- 40 -- -- -- Tr -- 8.3 23 3.3
40- 70 -- -- -- -- -- -- 20 2.7
70-100 -- -- -- Tr -- -- 22 8.5

100-132 -- -- -- -- -- -- 14 3.8
(indurated

caliche)

132-162 -- -- -- -- - -- 17 Tr
(gravel)

162-192 -- -- - -- -- -- 13 2.6
(gravel and

caliche)

192-220 -- -- -- Tr -- -- 17 3.3
(caliche)

220-254 -- -- Tr .24 -- 25.5 23 3.1
(gravel

ground roots

Grayia 3.06 -- -- -- 4.3 25.9 -- 25.9

spinosa

tips

A nuclear explosion of 1.2 kt (kiloton) was detonated at a depth of 20 m
in north Yucca Flat on March 23, 1955. An earthquake on December 16, 1954,
with an epicenter north of the Nevada Test Site was recorded with an intensity
of Richter magnitude 6 on Yucca Flat. Either may have resulted in the
fracturing described--later studies have shown that movement on the Yucca
fault does result from nuclear detonations in the Yucca alluvial basins.

13
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Figure 2.--Dating of Yucca Fault movement by increased shrub growth along
fractures: a, Unidentified root; b, unidentified stem; c, Grayia root;

d, Grayia stem.
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A study of vegetative growth changes or the uptake of radionuclides in
relation to atmospheric, contained, or released explosions requires, then,
recognition and evaluation of any background contamination and also of any
physical disturbances emanating from other explosions in the vicinity.

Absorption of radionuclides by plants growing near nuclear explosions

Analyses and autoradiographs of new growth on shrubs at several sites
provided evidence of actual absorption and translocation of radionuclides
after the Pinstripe, Palanquin, and Danny Boy events at the Nevada Test
Site. The absorption of radionuclides by annuals or grasses could be compared
with the soil contents around the old tower explosions. Oryzopsis hymenoides
(rice grass) contained more 144¢6 than the soil (92/2.6 pci/g). Salsola
iberica normally contains considerably less radionuclides than the soil, which
may explain its tolerance to radioactive soils.

On-the-ground hand-counter measurements showed 2 times more beta than
gamma within a mile of the Palanquin cratering nuclear explosion and a gradual
change to more gamma than beta with time. The data suggest the initial
presence of large amounts of shorter-lived radionuclides that produce beta,
such as 32p (14.day half-life), *5Ca (165 day half-1ife), and 1311 (8 day
half-1ife), although long-term effects from 90g, (28 year half-life) absorbed
by conifers may be a factor in their eventual death, observed west of the
Blanca site to occur as much as 8 years after the explosion. Mills and

Shields (1961) found the absorption coefficients (uc/100 g plant part x 100)
uc/100 g soil

for Bromus rubens to be 29.13 for 9OSr, 6.54 for 106Ru—Rh, 1.75 for lanthanide
rare earths and only 0.61 for 957rRb.

Martin and Turner (1965) found that 895y on D+5 (5 days after the Sedan
detonation) was 100 times higher than 90sr in non-washed plants samples. 89sr
on dried twigs and foliage of shrubs ranged from 6,487 pci at sites where
readings of 75 mr/hr were recorded to 228 pci where 1.5 mr/hr were recorded.
By D-60, the values were reduced by about 1/6. Correcting for a half-life
loss of 14 days due to rain and wind, they calculated the effective half-lives
from D+5 to D+60 to be 18 days for 895y and 28 days for 9OSr, and from D+30 to
D+60 the effective half-life of 895r to be 38 days and of 9OSr more than 100
days.
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In our studies, a few plants and soils were analyzed for 905, by ashing,
dissolving the ash in hydrochloric acid, and then following the procedure for
water analysis, described by Johnson and Edwards (1967). In this procedure,
strontium is finally precipitated as the oxalate and the amount of radio-
strontium is determined by measuring the beta activity on a low-background
beta counter. The chemical recovery is determined gravimetrically. As a
considerable period of time elapsed between collection and analysis, the
values do not include a measureable amount of 89Sr. The data are given in
table 4. Contamination from the air burst of Jackass Flat reactors in 1962
probably accounts for the pre-explosion levels at Tiny Tot. The percentage of
external to internal 29Sr is not known but the loss from rain and wind should
have reduced the external amounts in samples collected years after the event
and have no effect no annuals or deciduous plants. The largest amount that
was measured in a plant sample (23.9 pci/g) occurred in dead limbs that were
killed by either heat or radiation on oak at the time of the Blanca explosion
(accidentally atmospheric); the humus under the trees, which consists of
rotted leaves, also dating from the time of the explosion, contained 53 pci/g
9OSr. New leaves put out several years after the event on limbs that were not
killed contained 1.25 pci/g 90 sr. As the half-life is 28 years, there should
be 1ittle measureable difference in quantity from the leaves dropped at the
time of the explosion and that in later leaves. Probable causes for the
difference are two. First, dead wood samples were not washed, and although
subjected to several years of rain and wind probably still contained surface
contamination. Second, a certain amount of 905r would have leached from the
soil and be thus unavailable for uptake by the trees and transport to the
leaves.

Gamma radionuclides were measured by gamma-ray spectrometry. The
spectrometer system consisted of a 400-channel pulse-height analyzer and two
5-inch diameter by 4-inch-thick Nal crystal detectors each viewed by a 5-inch
photomultiplier tube. Each detector was routed into separate 200-channel
groups of the pulse-height analyzer and the analyzer was adjusted with
standards of known energies so that each detector measured energies in the 0
to 3 million electron-volt (Mev) range. The spectra were plotted on an XY
plotter. The radionuclides were determined from the photopeak energies
located in the spectra and the quantitative data were interpreted from the
height of the peaks per unit time with a method similar to the analysis of
potassium described by Bunker and Bush (1967). The analyses were restricted
to gamma-ray emitting radionuclides. Alpha particles were absorbed by the

sample containers and were not detected by the crystal. Beta particles were
sensed by the detectors as a continuum but photopeaks were not formed.

16



Table 4.—-905r contents in plant and soils samples*

[Analyst: V. C. Janser, U.S. Geological Survey; values shown in
pci/g of dried sample]

Interval
between Distance
event and from ground
date of zero Sample Part of 9k in 905k in
Event collection (in meters) description plant plants  soil
Largely
contained
Tiny Tot Pre-shot -- Purshia Tips 6.14 5.93
Do. 1 year 150 do. 1.11
Gumdrop 5 1/2 months 360 Artemisia do. 2.91
Do. 3 months 360 do. 2.20
Marshmallow 3 1/2 years 30 Pinus do. .904
Shoal 7 months 800 Artemisia do. 5.76
13 months 800 do. 4,66
Atmospheric
Smokey 7 years 300 Salsola Above 8.80 22.0
ground
Teapot Apple 9 years 915 Sphaeralcea Tips 2.55
Cratering
Danny Boy 4 years 225 Atriplex can. do. .704
Small Boy 9 months 2400 Eurotia do. 2.90
Larrea do. 1.44
Partially
contained
Pinstripe 11 days 1600 Larrea do. 1.50
Blanca 6 years 300 Quercus Dead wood 23.9  53.0 (humus)
do. new Leaves 1.25 53.0 (humus)
Des Moines 2 years 9 Cowania Tips 11.5
2 years 60 Pinus do. 5.19

*305 hatf 1ife is 28 years, beta radiation.
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In earlier samples, the nuclides were measured in plant material that had
been dried and then ashed, but later analyses were made on pulverized dried
plant material because the results were found to be more reproducible.

Because no radionuclide standards were available in plant or soil
matrices, the quantitative values were obtained by comparing the measured
sample spectra with those of calibrated single radionuclide point sources.
The derived values were then adjusted for geometric differences between the
point sources and the collected samples by empirical methods. This made no
provision for differences in density (self-absorption), so no absolute method
for measuring the accuracy was available. An accuracy of 10-15 percent seems
reasonable, but, in any case, the values should maintain a good relative
relationship to each other.

Because of the time lag between date of collection and date of analysis,
reported values for all nuclides were calculated back (by computer) to the
date of collection and also to the date of nuclear detonation.

Each radionuclide has its own behavior pattern at the time of
detonation. 144Ce, 137Cs, and other direct fission products with long half-
lives may travel thousands of miles within days after an atmospheric explosion
and can be detected around the world. Radionuclides such as >*Mn and 2%Na
with very short half-lives may occur in large quantities at the time of the
explosion but their effect is 1oca1; 106R,-Rh occurs in five valence states,
which permits action as either cation or anion, with rapid movement through
ground water. 1253b also is commonly concentrated in ground water. Algae
collected from a pond draining a radioactive tunnel detonation on Rainier Mesa
(Sta. 43) had absorbed 11,050 pci/g of 106Ru-Rh and 2780 pci/g of 123sb from

the water. 54Mn, 60Co, 65Zn, and 59Fe that are induced from metal casings and
cables, do not travel far from the area of release. Thus time elapse, depth
of emplacement, and disintegration rates are all involved in the eventual
distribution of radionuclides in the vicinity of a detonation and their
availability in soil and water for plant absorption. Only the Tonger lasting
radionuclides were detected by spectrophotometer, as rarely was it possible to
collect immediately after the explosion nor could the laboratory analyze the
samples promptly. Commonly, also, large quantities of one radionuclide will
mask the presence of another. The data available for study are therefore
confined principally to long-lived gamma radionuclides that represent only a
small part of those actually present at the time of the detonation. Recorded
radioactivity levels at some of the early atmospheric explosions were as much
as 10,000 rads for the first 2 hours. Maximum amounts detected in the
earliest collections are shown in table 5. No adjustment has been made for
half-l1ife loss owing to wind and rain.

18
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The differences between the radionuclide content of washed and dried
shrub samples in background areas near contained explosions and that of shrubs
near released explosions are considerable and would be vastly greater if the
shrub material had been collected immediately after the released explosions
and analyzed at once. Contents of radionuclides that were measured in various
parts of the plant are given in table 6. No unusual concentrations were
reported in roots. The twigs of oak contained more 54Mn, 125Sb, and 144Ce
than the leaves. New green branches of rabbitbrush contained more 95Nb,
lszb, 137Cs, and 1%%Ce than the old wood but less 54Mn, 60Co, and 9%n.

These data cannot be considered to be as significant as observations made on
plant uptake in controlled experiments by other workers.

Physiological effects on plants

Many physiological effects of radiation on plants have been observed by
other workers in controlled experiments, near unshielded reactors, and at the
Nevada Test Site. These include: harmful effects to the apical meristem,
lateral bud differentiation, growth inhibition, and leaf abnormality. We have
also observed and report throughout this paper similar effects near released
nuclear explosion at the Nevada Test Site.

Miksche, Sparrow, and Rogers reported in 1961 on the pattern of meristem
development of two gymnosperms that were grown at Brookhaven National 6
Laboratory under several dose rates of chronic gamma irradiation from a Co 0
source. In both Pinus strobus and Taxus media 20 days exposure at 3.5-15 r
per 20-hour day resulted in distinct, anatomical abnormalities in the apical
(main shoot) meristems. At higher levels of gamma radiation, the main shoot
meristems became broad disorganized structures with adventitious meristemic
regions and fasciations.

20



Table 6.--Distribution of radionuclides within the plant, shown in pci/g

[Analysts: C. A. Bush and C. M. Bunker, U.S. Geological Survey]
Plant Parts S4yn 60cq 65z; 9SNp 125g, 137cg 144ce
Pinus----=-=--- Twigs and needles- ---  ==c oo —eo -a- 9.05 10.6
ROOtS-=~-=mmmoceu- ---  -=-- 18,6 --- --- --- ---
Ephedra-------- Stems------mcmu--- 1.14 == - 115 --- -—- 40.3
Root§-==-mmmmeeuu- c.m mem eee mee e-- - 3.13
Chrysothamnus Twigs and leaves-- --- --- --- 543 4,03 754 35.6
nauseosus---- 01d wood---------- 9.51 6.61 93.6 --- --- 27.6 21.0
RoOts§-----=-mceuonm- --- 4,35 -- 261  3.59 ---  411.0
Quercus-------- Leaves-=----ecuc-m- 2.09 ~-- - ---  1.95 1.88 15.5
Twigs----====cocmu- 18.5 ---  ---  --- 10.9 --- 128
Pinus--==-=-=-- Twigs and needles-- -=-  =-=-  ce-  --- .- . 4,41 16.2
Older branches----- s S P P .52 .92
RoOts--=m=cccccaaan -—- === 11.3 -e-  --- 1.22 ---
Juniperus------ Twigs and needles-- --- 35 7.04 ---  --- 5.40 8.59
Roots---==-mcmeceu-- .- mme eee eee e .24 -—--
Atriplex Twigs and leaves--- 1.45 --- --- 997 --- -— 44.8
canescens Rogts------c-ccmuua -—- === == Tr --- --- -—-

*---in columns indicate

below limits of detection or masked by

21

other radionuclides.



At Brookhaven National Laboratory, a forest ecosystem of Quercus alba, Q.
cocinea, and Pinus rigida has been irradiated from a 137¢ source over a long
period of time. Radiation has produced zones of (1) total kill: (2) sedge;
(3) heath-shrub; (4) oak; (5) oak-pine forest. Insect defoliation is more
than 10 times as severe as in the control forest (Woodwell, 1962). Exposures
of less than 5 r per day for several years killed 90 percent of the pine
whereas exposures of 1-3 r/day inhibited the radial growth of needles. Shoot
elongation was inhibited in oak at 35 r/day and in pine at 15 r/day. In 1963,
Sparrow, Schairer, Sparrow, and Campbell reported that dormant white pine
seedlings were much more resistant to radiation than actively growing
plants. Woodwell and Miller (1963) reported that the reduction in radial
increment in pitch pine stems irradiated at 1-5 r/day for 9 years was greatest
near the base of the trees and greatest in years of high stress. Smaller
trees were more affected than larger. After 10 years of exposure, 20 percent
of the trees had been killed by a cumulative dose of 5.0 kr at 2.5 r/day and
50 percent killed at 3 r/day. No trees :urvived a dose of 13 kr (Sparrow,
Schairer, Woodwell, 1965). The number of mature seeds per cone was reduced to
10 percent of the control after 9 years at 3.5 r/day. No cones were produced
above a dose of 7.4 kr. Studies of Quercus alba and Q. velutina exposed to
the same radiation levels showed oak to be more tolerant than pine (Mericle,
Mericle, and Sparrow, 1962). Effects of radiation on oak included sparseness
of foliage due to death of lateral and terminal buds, reduced internodes,

fewer leaves which were often enlarged, distorted, leathery, and occurred in
tufts along the branches, and abnormal inflorescences. Histological studies
showed that many terminal buds lacked meristemic tissue, a lower number of
floral primordia and a reduction of viable pollen. On the other hand, lateral
buds had unusually active meristemic tissue suggesting a stimulative effect.

Similar observations were made by Pedigo (1963) in Georgia where neutron
and gamma rays were released from a partially shielded reactor on loblolly
pine (Pinus taeda) at irregular intervals. Exposure of 1,000-2,000 rads
produced red-brown discoloration, death of terminal buds, and inhibition of
reproduction. A greater exposure resulted in complete browning, defoliation
and death; the lethal dose being computed at 7,500 rads. Terminal buds were
inhibited by 1,000 rads and laterals by 3,000-4,000 rads. Pedigo suggested
that these effects were caused by interference with auxin metabolism in
meristemic tissues as radiation reduces the biosynthesis of auxin.
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In order to test the effects of acute gamma radiation on Pinus
monophylla, Brandenberg, Mills, Rickard, and Shield (1963) irradiated a tree

for 8 hours in April, 1960, with 10,000 R from a 60¢o source at the Nevada
Test Site. The tree was studied for 15 months after irradiation. They found
that needles browned within a month at a calculated dosage of 8,000-10,000 R
(roentgen) and were dead within 10 weeks at 2,000 R. At 500 R there was a
slight elongation but terminals were dead after 4 months although laterals
were developing. At 100 R there were no needles on 1960 stems and at 80 R the
number of needles was reduced and one-half of them were dwarfed. Sections
showed abnormal vascular tissue and a decrease in the width of the growth ring
for 1960 depending on exposure. The stem tip was affected at exposures as low
at 15 R. They concluded that "lateral branching assumes a significant role in
shoot recovery from radiation damage, particularly at exposures great enough
to affect the actively growing regions of the stems."

Although we did not make cytological studies for this report, the
macroscopic effects of damage to the apical meristem of pine and oak in the
Blanca area and also the effects on Russian thistle of the reactor runs on a
480-m tower in Yucca Flat were observed and are described in those sections of
the report. In many cases, the cessation of terminal growth is accompanied by
stimulation of lateral stem tips which Brandenburg, Mills, Rickard and Shields
(1963) believed was significant in shoot recovery. Platt (1962) observed a
sharp difference in sensitivity betweer apical and lateral meristems or growth
tissues. Vasilev (1962) reported that the stimulation in growth was
accompanied by an increase in oxidation-reduction potential, decrease in
viscosity, increase in permeability and an increase in respiration rate.
Janice Beatley (1966) observed a stimulation in growth in Chaenactis
stevioides after the Sedan event. The plants were larger and had thicker
darker Teaves than any observed elsewhere on the Nevada Test Site. Among
these plants were a few abnormal plants that lacked a corolla and other flower
parts.

Our observations included studies of oak at Blanca (an accidental
atmospheric explosion) and at Clearwater and several other contained
explosions. No leaves were observed on the oak that grew nearest to the edge
of the Blanca explosion crater for four years and for the next three years
shoots at the base came up and then died before the end of the summer. In the
8th year deformed curled leaves appeared on the upper older branches and the
trees are now leafing our normally. Stimulation of lateral growth was
observed in oak at the contained Clearwater explosion (fig. 3) in Artemisia at
the contained Shoal explosion and in Atriplex canescens near the Duryea
explosion. In all three of these areas, where no radiation was detected at
the ground surface after the explosions, the stimulated plants were the
nearest vegetation to ground zero (at edge of scraped area) growing along
large fractures caused by the explosion. Probably the stimulation in these
areas was caused by the rise in the water table (perched or actual) along the
fractures at the time of the explosion. After some explosions the rise in
water table has been measured at several hundred feet. Atriplex canescens
near Duryea put out lush wet leaves 23 days after the explosion but dry and
small leaves the following year.
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Damaging shock to roots and the destruction of root hairs is most severe
along fractures in the ground that either result in open cracks or shear
laterally. At the Shoal event in Churchill County, Nevada,. the shrubs located
along large fractures extending out from ground zero were severely damaged.
Grayia spinosa and Ephedra nevadensis along the fractures were dead one and

one-half years after the explosion. Artemisia was less affected. Damage and

eventual death of Quercus, Pinus, and Ephedra were also observed along faults

produced at the Clearwater event. The trees along faults turned color earlier
in the fall following the event than did the main body of the forest.

The stress effects of root shock from a landslide were studied in
Colorado. The effects of a landslide on pine and its recovery could be
observed in wood sections (fig. 4). Slow colluvial creep affected a Prunus
shrub over a period of years and finally killed half of it; the other half was
not affected and has continued to grow. The effect on the development of
spring cells in one area of the wood for five years could be seen (fig. 5).

Earthquakes also provide information concerning shock effects. Wood of
Chrysothamnus collected near the Derby, Colorado, earthquake center in 1965
shows well-developed traumatic canals or resin ducts resulting from stress
(Esau, 1965) in both the stem and the root (fig. 6a and 6b). Similar canals
were observed in stems and roots of Haplopappus growing near the Yucca Fault
at the Nevada Test Site, which had had very recent movement (fig. 7a and 7b).

Radiation also affects wood growth and can be observed in wood
sections. Woodwell and Miller (1963) reported that exposure of pitch pine
trees to chronic ionizing radiation of .1-5 roentgens a day for several years
causes reduction of the radial increment throughout the stem, the reduction
being most severe near the base of the tree. As buds are most sensitive and
as auxin movement from the buds produces cambial activity, greatest effect at
base of tree farthest from buds. They were able to demonstrate that both the
size of the crown and the climate influence the severity of the effect, trees
with large crowns showing little effect at low exposures except in years of
environmental stress. Environmental stress, in turn, is greatest in dry sites
or during the years of low moisture and high temperatures (Fritts, 1966).
Trees growing near the top of their climatic range may produce multiple or
false growth rings in a single year and show damage along the growth ring
produced in a particularly severe year. This evidence of frost damage shows
as a rope-like line of collapsed cambial cells followed in the next annual
ring by highly distorted cells (Glock and Agerater, 1963) and is similar to
that commonly produced in the nearest trees to survive at the time of a
nuclear explosion. Sparrow and Miksche (1961) observed that the larger the
nuclear volume, the more radiosensitive the plant. Chappell (1963) found that
species with underground vegetative structures are able to withstand greater
amounts of radiation. The ability of certain plant species to go into
dormancy for periods of time proportional to the dose of radiation also
protects deciduous shrubs from death (Platt, 1962).
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